In 1899 W. B. Hardy observed that "under the influence of a constant current the particles of proteid in a boiled solution of egg white move with the negative stream if the reaction of the fluid is alkaline; with the positive stream if the reaction is acid" (1) . The protein in the "boiled solution of egg white" had, of course, been denatured, but Pauli (2, 3) later investigated the direction of migration of undenatured serum albumin in an electric field, and found that it, too, moved toward the cathode in an alkaline solution and toward the anode in an acid solution. Presumably the charge on the protein was negative in alkaline, but positive in acid solution.
Michaelis was the first investigator to determine the hydrogen ion concentration at which the migration of a protein changed its direction. He studied serum albumin, and found that the change was abrupt (4) . It occurred within exceedingly narrow limits. At a hydrogen ion concentration of 2.1 × 10 -5 serum albumin migrated toward the cathode. At smaller hydrogen ion concentrations than 1.9 × 10 -~ it migrated toward the anode. At 2.0 × 10 -5 the protein appeared to be in an isoelectric condition (5) and this hydrogen ion concentration was accordingly termed the isoelectric point.
The movement in an electric field of particles charged with respect to their surrounding medium is termed cataphoresis. From cataphoresis the sign, and the average magnitude, of the charge can be determined, but not its nature or origin. The nature of the charge of the protein molecule will be discussed in a later section of this paper from a theoretical point of view.
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The isoelectric points of many proteins have been inferred from the change in the direction of their migration in an electric field. The method of cataphoresis has, however, not been found universally applicable. Certain proteins, notably glutenin, casein, and the prolamines are only very slightly soluble at certain hydrogen ion concentrations. If acid, or, under other circumstances, alkali, be added to their solutions a precipitate appears, increases in amount, and finally disappears if the hydrogen ion concentration is sufficiently altered. Michaelis observed (6) that such proteins, like the denatured albumin that Hardy first studied (1) , migrated to the cathode on the alkaline side of the precipitation zone, and to the anode on the acid side. Accordingly he concluded, kn part from theoretical considerations to be discussed later, that the protein precipitated in the isoelectric condition, and that the maximum precipitation coincided with the isoelectric point. The phenomenon of precipitation has therefore generally been substituted for the phenomenon of cataphoresis in determining the isoelectric point of this class of substances; the isoelectric point being considered coincident with the point of maximtml precipitation or flocculation. Still a third class of proteins, the globulins, although like the last group they are also precipitated at certain hydrogen ion concentrations in the absence of any appreciable concentration of electrolytes, are readily soluble in solutions of neutral salts. In this class also the precipitation zone has been found to correspond to the isoelectric zone. That is to say, isoelectric globulin was found to migrate toward the cathode when dissolved by acid, toward the anode when dissolved by base. When serum globulin was dissolved in a salt solution, however, neither Michaelis (6) nor Chick (7) , who confirmed his observations, was able to detect a charge on the protein molecules by cataphoresis.
Since globulins are dissolved by neutral salts over a considerable range of hydrogen ion concentrations--and the nature of this phenomenon and its relationship to the isoelectric point of the globulins we shall reserve for a subsequent communication--practise has consisted in reducing this range by the removal of salt, and then either in noting the point of maximum precipitation of the globulin, or the limiting hydrogen ion concentrations at which migration occurred in an electric field.
Experience has shown that neither of these methods of determining the isoelectric point of a globulin is altogether satisfactory. It is true that the precipitation of a globulin passes through a sharper maximum the freer it is from salt. Freedom from salt, at least as applied to the proteins is, however, relative. Probably no protein has even been prepared that was completely "ash-free." Moreover, three distinct sources of err'or may make, and in the experience of the writer have made the point of maximum precipitation of a protein appear at a hydrogen ion concentration other than its isoelectric point.
The first of these is the presence of another protein with a slightly different isoelectric point. The observed precipitation is in this case the sum of the precipitations of the two proteins. As a result the zone is usually widened, and the point of maximum precipitation shifted in the direction of the isoelectric point of the second protein. The magnitude of the shift, and therefore of the error, depends upon the difference in the isoelectric points of the two proteins, upon their relative concentrations, and upon their relative solubilities.
The presence of salts containing either bivalent or trivalent cations or anions may also lead to error. For multivalent ions, even in low concentration, shift the point of maximum precipitation to a hydrogen ion concentration other than the isoelectric point of the protein. Hardy (8) , Mellanby (9), Osborne and Harris (10) , and later Hopkins and Savory (11) , have shown that the solvent action of salts upon globulins increases greatly with the valence of their ions. Moreover, cations of high valence are more effective in dissolving globulins on one side of the isoelectric point and anions on the other. For this reason the salts of monovalent acids and bivalent bases, (or the salts of monovalent bases and bivalent acids) exert a greater solvent action upon globulins at certain hydrogen ion concentrations than at others. This also results in a shift in the precipitation zone.
In greater concentration salts precipitate proteins of all classes. The precipitating action of electrolytes, like the solvent action, increases greatly with the valence (1). Michaelis has recently shown theoretically and experimentally how the presence of salts of high valence shifts the point of maximum precipitation of proteins (12) .
Finally, I have observed that even uni-univalent salts of the type of NaCI in relatively low concentrations, may shift the precipitation (though possibly not the flocculation) and therefore the apparent isoelectric point of tuberin and serum globulin to a slight degree. The reason for this appears from a theoretical consideration of the nature of the charge on the protein molecule. 1 As a result of the unsatisfactory nature of the experimental methods that have been employed in determining the isoelectric point of the slightly soluble proteins, and in view of the manifest importance and significance of the isoelectric point for the interpretation of other aspects of the physical chemistry of the proteins, it seems necessary to base these studies upon better criteria of the identity of the proteins under investigation.
Theoretical.
H a r d y had been led to examine the cataphoresis of denatured albumin from a consideration of the contemporary conceptions of colloidal chemistry. Picton and Linder (15) had "established . . . . that the direction of the movement of colloidal particles under the influence of an electric current is determined by their chemical nature," and H a r d y concluded 2 that "proteid molecules seem therefore to act as basic or acid particles according to the circumstances in which they find themselves."
In the same year in which H a r d y published these conclusions Bredig (16) extended the theory of electrolytic dissociation to the case of molecules that act both as acids and as bases; that is, to amphoteric electrolytes. The amphoteric nature of the amino-acids and also of the proteins had already been recognized (17, 18, 19) .
1 If the assumption be made that the charge on the protein is due to its dissociation as an amphoteric electrolyte, then the cation of any salt will depress the dissociation of any protein through its common ion On the alkaline side of the isoelectric point, and the anion on the acid side. SSrensen (13) has used this phenomenon as a method of determining the isoelectric point of egg albumin; the isoelectric point coinciding with the hydrogen ion concentration that is unchanged by the addition of a neutral salt. I have attempted to apply the method to tuberin (14) but it is not entirely suitable to the globulins. Moreover, even where the method is applicable for the determination of the isoelectric point in this way, the effect of a common ion in depressing dissociation and thereby affecting solubility need not be identical on both sides of the isoelectric point.
Hardy (1), p. 297.
Because of their simpler structure, the amino-acids have been found more suitable than the multivalent proteins for the experimental verification of dissociation theory. Accordingly the generalizations, in terms of which we have attempted to explain the dissociation of the proteins, were first worked out for their prototypes, the amino-acids. Amino-acids possess at least one amino group, and at least one carboxyl group. The amino groups dissociate as bases and combine with acids, much as does ammonia. The carboxyl groups dissociate after the manner of organic acids and combine with bases. As a result of its amphoteric nature an amino-acid can form internal salts (20, 21, 22, 23) . If the amino group of one acid combines with the carboxyl group of the next with the loss of a molecule of water, a dipeptide is formed which in turn is an amphoteric substance. Polypeptides, in which many amino-acids are combined in this manner, have been synthesized by Emil Fischer (24) . They simulate proteins in behavior, and suggest that the free valences in the protein molecule are in all probability derived at least in part from the free groups of the amino-acids.
The strength of these groups in a number of amino-acids was first determined by Winkelblech (20) in 1901, from the hydrolysis of their acid and basic salts. In the hands of Walker (21) , however, Winkelblech's data revealed the relations that obtain between the degree of dissociation of an amphoteric electrolyte and its strength as an acid and as a base. Following Walker in the main, therefore, and in part the more recent investigators 8 who have amplified his conceptions, we shall deduce the fundamental equations for the dissociation of an amphoteric substance, for our present purposes a protein, P.
Let HPOH represent the undissociated protein molecule. The protein can dissociate into an hydrogen ion and a protein anion, (HPOH) ~--~ (I-I +) (POH-)
and into an hydroxyl ion and a protein cation,
~ Notably Hardy (1), SSrensen (13), Lund~n (23), Michaelis (25) , Henderson (26) , Robertson (27) , Pauli (28) , and Loeb (29) .
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if the protein be considered as a monovalent acid, giving rise to but one hydrogen ion, and a monovalent base, giving rise to but one hydroxyl ion. That the multivalent protein can under certain restricted circumstances be considered as uni-univalent we shall presently show. The mass law equation defining the dissociation of the protein as an acid may be written
and as a base (HP +) (OH-) = (HP +) KW
Equations (3) and (4) on multiplication yield an expression for the dissociation of the pure ampholyte, or rather for the square of the dissociation (HP +) (POH-) Ka-Kb (HPOH) (HPOH) = Kw
The method of deriving this equation involves the elimination of the hydrogen ion concentration from both equations (3) and (4). As a result the pure ampholyte can exist at only one hydrogen ion concentration; namely, that at which the ampholyte dissociates to form as many anions as cations. This point has been identified as the point at which the migration of protein in an electric field changes in direction; that is, as the so called isoelectric point. It has been defined by Michaelis as the point at which (lip +) = (POH-) (6) and is determined by substituting in equation (6) the value of (POH-) in equation (3) and of (HP +) in equation (4). We then obtain Ka (HPOH) (H +) 2 Kb (HPOH) = Kw (7) and if we assume that the undissociated protein molecule is the same on both sides of the isoelectric point (30) we obtain
At the hydrogen ion concentration that corresponds to the isoelectric point a definite ratio obtains between the total amount of the acid dissociation and the total amount of the basic dissociation. This ratio obtains irrespective of how many acid valences of different strength or how many basic valences of different strength are involved. For at any one hydrogen ion concentration the number of active acid constants may be considered equal to one constant, Ka, and the active basic constants to another constant, Kb (31) . For this reason the multivalent protein may be treated as a simple ampholyte at its isoelectric point. We shall so consider it in this paper, since we are, for the moment, only concerned with the solubility of certain proteins at their isoelectric points. Michaelis pointed out that the precipitation of a protein was at a maximum at its isoelectric point, since dissociation was at a minimum (25) . This follows from equation (5) if we define maximum precipitation as minimum solubility, and assume that protein is as a rule more soluble in the dissociated than in the undissociated state. According to this conception a protein should be more soluble the greater its amphoteric constants. I have shown (31) that this was the case for different classes of proteins in a previous communication, by using the acid-and the base-combining capacity of a protein as a measure of its amphoteric strength. 5 In order to pursue this investigation further it was necessary to correlate the solubility of proteins with their dissociation, This involved accurately determining the solubility of a number of proteins at their isoelectric points, and quantitatively distinguishing between the concentrations of dissociated and undissociated protein. Let the solubility of a protein, P, be S. This solubility is made up of the concentration of the undissociated protein molecule and of the dissociated protein ions, in the saturated solution. We may write
S--(HPOH) Jr (HI' +) -{-(POH-) (9)
6 In practise this was estimated by titrating electrometrically 1 gm. of protein with NaOH and HCI and measuring the rate of change of the hydrogen ion concentration (by the slope of the tangent to the titration curve) at the isoelectric point. These estimates are therefore subject to revision when sufficiently accurate data of the molecular weights of the proteins are available.
provided the protein is quite uncombined with acid or with base. If a part of the protein is combined with a base B, however, or a part with an acid A, we must write 6 S = (HPOH) + (HP +) + (POH-) + (BP) + (PA) (10) But let us first consider the case of an uncombined protein at its isoelectric point. Its degree of dissociation is given by equation (5) CKa .
Kb as equal to w Kw
This ratio is, as we have shown above, a constant for any protein at its isoelectric point. Walker showed that the (HP +) (POH-) degree of dissociation of an amino-acid as acid oras base, (HPOH) was a constant, independent of dilution from conductivity data.
In the case of a protein that is relatively insoluble at its isoelectric point the undissociated protein H P O H m a y be assumed to have a definite solubility. Moreover, this molecule dissociates, as we have seen, to form a protein cation H P +, and a protein anion P O H -. The solubility determined experimentally must be the sum of the concentrations of the undissociated protein molecule and of the protein ions. But if the concentration of the undissociated molecule is constant, the degree of dissociation must also be constant at the isoelectric point. Solubility must therefore be constant so long as the solution is saturated with respect to undissociated protein.
Experiments now to be described have shown that this is the case when the protein is uncombined with base or acid. The solubility of casein and of the two globulins, tuberin and serum globulin, that have thus far been investigated, was found to be constant at the respective isoelectric points of the proteins, when the amount of protein precipitate with which the solution was in heterogeneous equilibrium was varied within wide limitsJ Only at the isoelectric point was solubility independent of the amount of the protein in the system. At greater hydrogen ion concert-6 1 am indebted to-Prof. S. P. L. S5rensen for first calling my attention to the convenience of treating solubility as an unknown function of concentration.
7 If the amount of the protein precipitate was increased beyond a certain point, a secondary effect slightly increasing solubility was detected.
trations the protein is combined with acid, and at smaller with base2 In either case the solubility is no longer equal to the sum of the undissociated protein molecule and its resultant ions, but to the sum of these and the protein acid or basic compound. Equation (10) and not equation (9) then obtains. Moreover, the degree of dissociation of the compound of a protein with either a strong acid or a strong base must be very great in comparison with the dissociation of the pure protein, for the same reason that the dissociation of the salt of any weak electrolyte and a strong electrolyte is very much greater than the dissociation of the weak electrolytes (32, 33). As a result, when the protein is combined with even a very small amount of either acid or base, the solubility due to the dissociation of the protein must be considered very small in comparison with the solubility due to the dissociation of the protein compound. But the concentration of the protein compound is not independent, but is a function, of dilution, as these experiments and previous ones have indicated (34, 35) .
These observations, therefore, present a new method of determining the isoelectric point of a protein. This method is free from the errors that often enter into the determination of the minimum in solubility of a protein, though theoretically, and in practise, the two methods are capable of giving the same result. But, since the presence of a foreign protein (unless it has the same solubility and the same isoelectric point), or of multivalent cations or anions, or of a neutral salt, may shift the point of minimum solubility of a protein in the manner and for the reasons that have already been described, the presence of these impurities renders impossible the determination of the true isoelectric point. Upon their removal, however, protein will dissolve in water to a constant and characteristic extent, and will dissociate to a constant and characteristic extent. The hydrogen ion concentration due to this dissociation is also a characteristic of each protein, and has come to be known, as we have seen, as its isoelectric point2 8 Experiments that will be reported in a subsequent communication suggest that a protein can exist in combination with acid and base even at its isoelectric point.
9 In practise the hydrogen ion concentration due to the dissociation of pure protein is determined with great difficulty because of its very small solubility.
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For all these reasons we have come to consider the solubility of a protein at its isoelectric point as a fundamental physicochemical constant, characterizing and identifying the protein under investigation. We will attempt in subsequent communications to relate this constant to the amphoteric dissociation of the proteins.
EXPERr~W~NTAL.
The Purification of Protein.
The three proteins whose isoelectric solubilities have thus far been determined, serum globulin, tuberin, and casein, were each purified as far as possible from other proteins, from multivalent anions and cations, and from all but the last trace of electrolytes, by special methods adapted to the nature of each. They were first prepared either as ammonium or as sodium compounds. Analyses were then made of the amount of ammonia or of sodium in these compounds, and the amount of hydrochloric acid required to neutralize the base and precipitate the protein at its isoelectric point 1° was calculated.
The acid used was usually 0.01 N hydrochloric acid, and was delivered very slowly from a capillary tip extending well into the solution. The solution was continuously and rapidly mixed by a motor-driven glass screw-shaped stirrer which constantly forced fresh portions of the protein past the glass tip from which the acid was being delivered, in a manner similar to that described by Baker and Van Slyke (37) . In this way the protein was never exposed to the denaturing effect of a local excess of acid. After precipitation had begun, the process of neutralization was further retarded in order to allow new states of equilibrium to be fully attained. As the end was approached small samples were removed, and the hydrogen ion concentration electrometrically determined.
The isoelectric reaction was usually reached, at least in the case of serum globulin, before the calculated amount of base had been neutralized. The base in The measurements that have been made thus far suggest that when the hydrogen ion concentration of such a protein solution varied it moved in the direction of neutrality.
10 Loeb has recently discussed the significance of the isoelectric point for the purification of protein (36) . these cases was ammonia, and was determined in the manner described by SSrensen (13) , in the filtrate and washings from globulin coagulated by heat at its isoelectric point. It is therefore possible that the very small excess of ammonia reported was due in part, or in whole, to the splitting of ammonia from the protein molecule. That this is involved in the coagulation of proteins by heat is rendered probable by the investigations of SSrensen and Jtirgensen (38) on albumins, and by the observation that such proteins as casein and glutenin, which are very slightly soluble at their isoelectric points are not heat-coagulable. The alternative possibility is that serum globulin is capable of combining with a certain amount of base even at its isoelectric point. This will be the subject of another communication. In Table I are collected the ammonia concentrations in the serum globulin preparations that have been studied thus far, and also the hydrochloric acid that was required to bring them to the isoelectric point. * Serum Globulins I and II were prepared in collaboration with Professor S6rensen at the Carlsberg Laboratorium in Copenhagen, early in 1920. They were prepared as ammonium compounds and were not brought to the isoelectric point. The data that are given are derived from certain experiments in which the protein was brought to the isoelectric point in order to study the solvent action of neutral salts. The method of further purifying globulin at its isoelectric point was subsequently devised.
Stirring was always continued for m a n y hours after the isoelectric point was reached, in part to break up the flocks or aggregates that form under these conditions, and to prevent the occlusion of impurities in them, in part to hasten the a t t a i n m e n t of equilibrium in so sluggish a system. Occasionally it has been found necessary to break the larger aggregates with a pestle and mortar. The protein was finally returned to the cold room, from which it was never removed for
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I more than a few hours, and the precipitate allowed to settle. The water-clear supernatant liquid was then decanted; distilled water added approximately to the same volume; and the precipitate again stirred for several hours. This operation was usually repeated from six to fifteen times, and was only stopped when the wash water no longer contained chloride, and when the amount of protein dissolving in the wash water had become constant.
The course of the purification of the euglobulin fraction of preparation IV, as measured by the protein nitrogen in an aliquot of successive washings, is tabulated below. Approximately 14 gra. of this material (14.72 gin. before neutralization) were triturated each day with distilled water. The total volume was 350 cc., and about 190 cc., or slightly more than half of the clear supernatant liquid was decanted each morning. It will be noted that at first the concentration of soluble protein was also approximately halved each day, but that as the purification proceeded, it approached a constant value. It is apparent that this method of purification is only applicable to relatively insoluble proteins, since the loss of material would otherwise be prohibitive. In the case of relatively insoluble proteins, however, it has the advantage of ensuring the identity of the product. For unless two proteins have the same isoelectric point, and very nearly the same solubility, this procedure may be used to effect theircomplete separation. The more soluble protein dissolves in the successive wash waters, and can be recovered from them by concentrating in dialyzers, under negative pressure. It will, however, still contain a trace of the less soluble protein.
Recourse was first had to this method in the preparation of the pseudoglobulin fraction of serum IV. When this fraction was rendered isoelectric a large amount of protein was at first found in the wash water. 11 This was for the most part globulin like the rest, dissolved by the ammonium chloride formed in the neutralization of the ammonium globulinate by hydrochloric acid. The wash waters containing this protein were accordingly dialyzed further and concentrated.
When the isoelectric protein had finally ceased to give off impurities and readily soluble protein, it was suspended in the desired volume, and aliquot parts used for analyses. It has been found impracticable to dry proteins, since it is almost impossible uniformly to wet their surface after they have been dried by alcohol and ether. As a result, there can be no guarantee that a true equilibrium is subsequently reached between all of the protein and its solvent. Moreover, it has been thought preferable, for the purposes of this investigation, to retain any lipoid that might be in fixed combination with our proteins, rather than risk the danger of denaturing them by alcohol or ether.
The Measurement of Solubility.
In order to obtain reproducible measurements of the solubility of a protein a great many precautions must be observed. To saturate the solution with protein it is necessary to bring the heavy flocculent precipitate into intimate contact with the solvent for a long period of time. This can only be accomplished by protracted mechanical agitation, since the diffusion velocities of the proteins are exceedingly low because of their large molecular weights. If the protein precipitate were not enormously subdivided, and not brought into intimate contact with every part of the solvent, the latter would remain unsaturated. I~ If the ordinary methods of agitation are used, however, the solution foams, its concentration changes, and a portion of the protein is likely to become denatured. Moreover, soft glass containers cannot be used, since in them the protein combines with enough alkali to increase its solubility appreciably.
11 The isoelectric solubility in my earlier preparations of serum globulin, which had not been washed at the isoelectric point, was as high as 75 per cent of the total protein present.
12 Under these circumstances the solvent may enter the protein-rich phase, because of its greater diffusion velocity, and give the appearance of swelling.
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Our practise has been to pipette an aliquot part of a preparation into a Pyrex volumetric flask of from 25 cc. to 100 cc. capacity. When this was at first attempted it was found that the error due to sampling the suspension of a flocculent protein precipitate was frequently as
great as 3, or even 5 per cent. Accordingly an apparatus was devised by means of which the protein precipitate could be maintained in a state of fine subdivision during pipetting (Fig. 1 ).
This was accomplished by placing the bottle (A) containing the protein in a carriage (B) hung, as is a compass, in concentric rings (C) and (D). As a result, the neck of the wide mouthed bottle that is used is always in the same position, and a pipette may be inserted and a sample withdrawn even when the bottle is performing more than a revolution a second. The base of the carriage is attached through a sliding valve (E) and a universal joint (F) to an eccentric (G) on a driving wheel (H). Instead of being fixed at a definite distance from the centre of the wheel, (in which case the motion of the bottle would be circular) the eccentric moves freely on ball-bearings in a slot (I) but is forced by a spring (J) to impinge on a track (K) with which it makes contact through a roller-bearing (L). The shape of the track alone determines the motion of the carriage. An ovoidal shape has been adopted in order at once to prevent foaming and centrifugal action. With the aid of this apparatus we have been able to sample protein suspensions with an accuracy of 0.3 per cent.
After the protein had been delivered into the volumetric flasks the solvent was slowly added, drop b y drop, from a burette until it rose to the graduated mark on the neck of the bottle. In certain experiments, the space above was further reduced by the addition of glass beads of a grade that gave off no measurable alkali, and b y a drop of toluene added to prevent bacterial action. The flasks were finally stoppered, fixed in place in the carriage of a specially designed shaking machine (Fig. 2) , and shaken in a water thermostat at 25.0 ° -4-0.1°C. While the shaking machine was in motion, the necks of the flasks were covered with inverted test-tubes to prevent contamination from the spray of the bath.
As the carriage went back and forth on tracks in the water bath, the glass beads in the small volumetric flasks functioned as a very efficient ball mill and kept the protein precipitate mechanically suspended. In our experience the heavy flocculent isoelectric protein has usually been brought into equilibrium with its solvent in from 24 to 72 hours. The shaking machine was then stopped, the contents of the flasks allowed to settle slightly, and the saturated solutions faltered on No. 42 W h a t m a n filter papers. B y means of a water jacket through which the water of the thermostat was kept in constant circulation b y a rotary pump, the filtration was carried on at nearly the same temperature as the bath. At least 8 cc. of the protein solution was always used to wash the filter paper, and was accordingly discarded. Aliquot parts of the remainder of the filtrate were measured out with carefully calibrated pipettes into Kjehldahl flasks. Analyses were usually made in triplicate. 20 cc. of sulfuric acid (Baker and Adamson: c. P.), 5 gm. of potassium sulfate and 0.7 gin. of mercuric oxide were added, and the protein was digested. When digestion was complete, the colorless solution was cooled and diluted to about 250 cc. with distilled water. 1 gm. of sodium hypophosphite was then added to reduce the mercuric oxide, and 75 cc. of saturated sodium hydroxide were added to neutralize the sulfuric acid and liberate the ammonia. The ammonia was then distilled into a measured amount of N/7 hydrochloric acid. The excess of acid together with a blank containing the same amount of acid were then titrated with N/14 sodium hydroxide, a combination of methylene blue and methyl red being used as indicator (39) . Sodium hydroxide of this strength was used, since each cc. required to neutralize the blank in excess of that required to neutralize the unknown then corresponds to 1 mg. of nitrogen, (atomic weight of N = 14.01).
The Solubility of Serum Globulin.
Sermn globulin was the first protein that we purified from other proteins, from acids, bases, and salts, and from its own soluble compounds to a sufficient extent to obtain a product of constant solubility,--a product that would dissolve in water to a constant extent. The results of five experiments are recorded in Table III . They are in striking contrast to what they would have been had a second protein, or a soluble form of the same protein, been present. A twentyfold variation in the amount of suspended protein produced no commensurate change in solubility, though there was a very slight increase in solubility with an increase in the amount of the preparation. The solubilities recorded are the average of three analyses. They indicate that serum globulin prepared in this way only dissolves in 1 liter of water at 25°C. to the extent of approximately 0.1 gm.
Serum globulin has now been prepared in this manner a second time, and several further precautions taken both in its purification, and in the determination of its solubility. The globulin in the first preparation (IV) was derived from citrated plasma of the cow, in the second from cow serum. In both preparations the so called pseudoglobulin fraction was used. This fraction is supposedly freer from lipoid (40) and from phosphorus (40, 41) than is euglobulin. Whether
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or not these are the same or different proteins we shall consider at another time from the point of view of their respective solubilities. The pseudoglobulin was freed from euglobulin by repeated fractional precipitation with ammonium sulfate. The euglobulin is supposed to be completely precipitated from a solution that is one-third saturated with respect to ammonium sulfate, and the pseudoglobulin from a solution that is one-half saturated. In practise it was found necessary to adopt the procedure described by Haslam (41) . Both precipitates were collected, redissolved, and again one-third saturated with ammonium sulfate. The filtrate from the reprecipitated euglobulin was then added to the pseudoglobulin fraction, and a precipitate appearing in the pseudoglobulin fraction combined with the T A B L E I I I .
Solubility of Serum Globulin Ilia.
T. = 25.0~ O.I°C.
Experiment
No. Date.
19gl
June 13 " 21
Protein nitrogen suspended in 100 cc. H20 at beginning of experiment.
rag. l i n g . 
0.44
euglobulinY The pseudoglobulin was reprecipitated thirteen times in preparation IVa, and nine times in preparation V. Serum globulin Va represents a smaller and possibly a better defined fraction. Howe (42) has recently presented additional evidence for the existence of two pseudoglobulin fractions (43, 44, 45) ; the first precipitated at approximately 0.43 saturated ammonium sulfate. In our experience this fraction represents about three-fourths of all the pseudoglobulin.
The method that has been used in preparing this globulin as an ammonium compound was first worked out in 1919-20 in collaboration with Professor S. P. L. S6rensen, at the Carlsberg Laboratorium. It involves operations of two kinds.
t3 The precipitation of proteins by electrolytes is not independent of the protein concentration.
In the first place freeing the protein from all but one salt, ammonium sulfate. In the second place freeing the protein from the sulfate ion. The first step was accomplished by reprecipitating with ammonium sulfate at different hydrogen ion concentrations. The protein was freed from anions other than the sulfate by reprecipitation with c.P. ammonium sulfate from dilute sulfuric acid solution, approximately 10-4N, and from cations other than ammonia by reprecipitation from solution in dilute ammonia. The globulin was then dialyzed, isosmotically, in the manner described by S6rensen (13) . A slight excess of ammonia was maintained in the dialyzers until the globulin was completely freed from sulfate. The transformation of the soluble ammonium-globulin compound into the very slightly soluble uncombined isoelectric globulin has already been described.
A somewhat different and more exact procedure was adopted in studying the isoelectric solubility of serum globulin Va. Not only were different amounts of the globulin preparation used to saturate the same volume of water, but the same precipitate was used to saturate successive additions of water. The dates are recorded on which samples were removed for analysis. On these dates a further amount of fresh water was added and saturation recommenced. The results obtained in this way were far more concordant. They are tabulated in Table IV . As in preparation IV, more protein dissolved in the flasks which contained most protein. That this was for the most part due to the fact that all of the soluble protein had not been removed, is suggested by the fact that solubility soon fell to a lower and constant value in the flasks containing the three smallest amounts of globulin.
The persistent higher solubility in the flasks containing most precipitate is probably to be ascribed to another phenomenon that need not be considered at this time.
Twenty-four nitrogen determinations, made upon the filtrates of solutions saturated with three different amounts of protein, on 4 different days, after their solubility had become constant, agree within the errors of measurement. The average of these determinations is 0.30 rag. protein nitrogen in 25 cc., or 12.0 mg. protein nitrogen in 1 liter. This result is not very different from the lower results obtained with preparation IV. If we adopt 15.85 as the percentage nitrogen in this protein the most probable solubility of the pseudoglobulin fraction of serum becomes 0.07 gin. per liter at 25°C.
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Although so insoluble when uncombined it should be noted t h a t 1 gm. of this preparation was completely dissolved by 1 × 10 -~ mols. of sodium hydroxide, or b y slightly less t h a n t h a t amount of hydrochloric acid. The compounds of serum globulin with acids and with bases are very soluble indeed. T h e smallest trace of a soluble compound would have appreciably increased solubility. The measure- Although solubility data suggested that no appreciable free electrolyte was present in these preparations, their ash contents were considerable. The ash constituted 0.7 per cent of preparation IV. In preparation V more careful methods of purification and precipitation reduced the ash to 0.3 per cent.
The Solubility of Tuberin.
The measurements upon tuberin, although they have been made on but one preparation, and although they are not nearly so accurate as those that have been presented for serum globulin, or those that will be recorded for casein, are included for two reasons. In the first place because they establish the approximate constancy of solubility of another globulin derived from an entirely different source; in the second place because a study of "the relation between the isoelectric point of a globulin (tuberin) and its solubility and acid combining capacity in salt solution" (14) was responsible for the inception of these studies. The data obtained at that time showed the effect of even a uni-univalent salt, sodium chloride, in shifting the minimum of protein solubility. This phenomenon has already been discussed.
PHYSICAL CHEMISTRY OF THE PROTEINS. I
They were not correctly interpreted, however, since the isoelectric point was inferred to occur at a more acid reaction than now seems probable from observations of cataphoresis (46) . The inapplicability of cataphoresis in determining the isoelectric point of a globulin has also been discussed. The same methods were used in purifying tuberin after it had been extracted from the potato, and in determining its solubility, as were used with serum globulin. Tuberin has been found to be only slightly more soluble than the latter. The measurements in the three experimer/ts recorded in Table V indicate a solubility in water of approximately 0.1 gin. in 1 liter at 25°C. Had a larger amount of material been available, and a more protracted experiment been possible, a slightly smaller value might have been obtained.
The Solubility of Casein.
Casein has previously been prepared in a state of great purity by a method very similar to the one that we have described (37) . Baker and Van Slyke were able to show that if casein was very carefully precipitated at its isoelectric point, and was then triturated with distilled water, a product of very low ash could be obtained. We have used a modification of this method in the early stages of the purification. This modification depends upon the observation of Loeb (47) that if a divalent rather than a monovalent base is used to dissolve isoelectric casein, twice the normal concentration is required. As a result the hydroxyl ion concentration of casein dissolved by calcium hydroxide is very much greater than that dissolved by sodium hydroxide. According to Loeb the pH of the soluble sodium compound of casein is 7.02 and of the soluble calcium compound 10.53. Presumably divalent bases of the type of calcium hydroxide form insoluble acid salts with casein at neutral reactions.
Our practise has rested upon this phenomenon. After the casein has been precipitated at its isoelectric point and washed with distilled water according to the method of Baker and Van Slyke, only enough sodium hydroxide was added to bring the casein to a neutral reaction. In this our method differed from that of Hammarsten (48) in which enough sodium hydroxide is added to dissolve completely the casein.
Loeb's observation suggests that the casein that persists at a neutral reaction is largely combined with divalent bases. We have accordingly removed and discarded this precipitate, either by centrifugafion (in a Sharpless centrifuge at nearly 30,000 revolutions a minute) or by filtration through filter paper pulp. The casein in the filtrate or in the centrifugate was then reprecipitated at its isoelectric point by the addition of hydrochloric acid, washed, and again dissolved by sodium hydroxide. It has been our experience that the casein completely dissolved the second time at a neutral reaction. The casein in this clear neutral solution was finally precipitated and purified at the isoelectric point in the manner that has already been described.
Casein has generally been supposed to be nearly completely insolui~le, l_/aqueur and Sackur (49) , it is true, observed that a small amount of their casein preparations always dissolved in water, but decided that this amount was negligible. Our experiments upon different preparations show that casein is no less soluble than the globulins that have thus far been prepared in states of comparable purity.
As in the cases of serum globulin and tuberin, the first measurements of the solubility of precipitated casein were high. In this case also this can be explained by assuming that casein forms readily soluble compounds. The nature of these compounds and the extent to which they can exist in the neighborhood of the isoelectric point will be considered in another communication. The solubility of two preparations of uncombined casein has been determined. The results of thirty-two nitrogen determinations made upon the casein dissolved in fivedifferent flasks, containing different amounts of precipitate, on 3 different days, agree within the errors of measurement. Since the earlier work, though not nearly so accurate, is in fair agreement with these later determinations, the average may be taken as the most probable solubility of casein, and yields the result that 0.11 gin. of casein dissolves in 1 liter of water at 25°C.
Many of the measurements that are reported were made by Miss Jessie L. Hendry. It gives me pleasure to express my indebtedness for her invaluable aid. 
